Abstract --The increased demand of offshore power conversion systems is driven by newly initiated offshore projects for wind parks and oil production. Because of long distances to shore and inaccessibility of the equipment long repair times must be expected. At the same time the offshore environment is extremely harsh. Thus, high reliability is required for the converters and it is important to have good knowledge of the switching devices. This paper investigates switching characteristics and losses of commercially available IGBT modules to be used for this application. It focuses on losses depending on current levels, operation temperatures, and show differences between several devices of the same type. Some test show how device characteristics and losses change when the device has been exposed to stress over some time.
A. Double Pulse Switch Testing
Double pulse switch testing [6] (DPS) as shown in Fig. 1 is a standard and efficient method to investigate the switching energies, turn-on and turn-off power loss, turn-on and turn-off time, and conduction loss of power electronic devices (transistor and FWD) at different voltage and current levels. The gate drive circuit is attached to transistors gate, and a double-pulse is applied. The two pulses are composed by one long pulse and followed by a shorter pulse. This allows for turning on and turning off at full current i.e. 400A in this case. The typical current and voltage waveforms can be seen in Fig. 2.a -Fig. 2e , the power dissipation and energy loss of transistor can be calculated by;
Energy loss is the integral of power dissipation shown above. 
C. Measurements
The measurements setup is shown in Fig. 3 
Here, t z is the tail current time and P tail is the power dissipation during the tail current.
Power dissipation inside IGBT during the turn-on period is shown in Fig. 6 and the turn-off period is shown in Fig. 7 This power pulse commences when the collector current start rising up and continues as far as the device is not fully on i.e. 
D. Verification of Test Results
To ensure results soundness and accuracy, four identical T1-20 IGBT modules in total were measured at same test conditions and results were compared. Fig. 12 shows the turn-on and turn-off waveforms for the four modules result at V CE =600 V, I C =300 A, and 125 o C. Turn-on and turn-off time were the same, with same switching power losses. This shows measurements accuracy and credibility of the used methodology. 
E. Repetitive Switching Test
The long term stability of IGBT modules can be experimentally examined under multiple switching tests.
Two IGBT modules were used to build a full bridge inverter as shown in Fig. 13 . The inverter is controlled by PWM switching scheme with carrier signal switching at 10 kHz.
The system is designed to keep a constant junction temperature within IGBT chips i.e. .
